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Two-dimensional magnetic field computations of a dipole magnet using 

LINDA and POISSON are compared. The purpose is not to distinguish the basic 

differences between the two codes, but to compare the results for different 

mesh sizes in a given problem region. The magnet geometry chosen for the 

calculation is the 6-GeV injector synchrotron H-type dipole magnet. 

Figure 1 is the geometry used for LINDA runs. The outside air region is 

required to satisfy the geometrical constraints of the input parameters in 

LINDA. LINDA divides the problem space into uniform rectangular meshes. The 

maximum dimensions of the mesh outlay are 302 x 115. The plane, y = 0, in 

Fig. 1 is a flux normal boundary and the other three sides are flux parallel 

boundaries. The shim size is 1.25/0.90 cm x 0.092 cm as shown in Fig. 1. 

The meshes and flux lines of a POISSON run are shown in Fig. 2. The out

side air region in LINDA did not change the results in the POISSON run and 

were removed to reduce the number of meshes. In POISSON, the convergence 

criteria in the RMS sense is that the vector potential does not change by 

5 x 10-7 at any mesh point. The corresponding RMS convergence criteria in 

LINDA is given as 1 x 10-7 • 

In Fig. 3 relative field variations, ~B/Bo = (B-Bo)/Bo ' along the 

symmetry plane from POISSON and LINDA runs are plotted. Here B is the field o 
at (x,y) (0,0). The thickness of the shim is fixed as 0.92 mm. Only the 

mesh size, which is uniform over the problem space, is varied. From Fig. 3, 

curves #1 and #2 of POISSON ~nd curves #3 and #4 of LINDA, it appears that 

calculations with smaller mesh sizes show the presence of.the shim better than 

those with larger meshes. At the same time, for a given mesh size, it appears 

that LINDA sees the shim better than POISSON. Curves #6 and #7 are between 
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curves #4 and #2. It is not clear whether the result is converging between #4 

and #2. It is assumed here that curves #5, #8, and #9, which have a mesh 

dimension of 0.5 cm in one or both directions, are less reliable data compared 

to the others in the figure. This is from the assumption that calculations 

with smaller mesh sizes should be more reliable than those with larger mesh 

sizes. 

After increasing the shim thickness from 0.92 mm to 0.98 mm, the field 

was calculated again. The LINDA calculations are shown in Fig. 4. Except 

curve #5 of 0.5 cm x 0.5 cm mesh, there is a tendency for ~B/Bo to have higher 

values for curves with smaller mesh sizes. 

In Fig. 5, POISSON runs of two different kinds of meshes are plotted. It 

is seen from curves #1, #2, #4, and #5, that calculations with equal weight 

triangle meshes respond to the shim better than those with right triangles. 

Also, runs with smaller meshes have larger values of 6B/Bo than those with 

larger meshes. 

For the same shim thickness of 0.98 mm, if one compares POISSON and LINDA 

runs of Fig. 5, #1 and #2, and Fig. 4, #2 and #4, it appears again that LINDA 

sees the shim better than POISSON. 

When the thickness of the shim is increased from 0.92 mm to 0.98 mm, it 

is interesting to note that the increase of 6B/Bo near x - 1.5 cm, for 

example, is approximately 0.6 x 10-4 for both POISSON and LINDA runs with 

different mesh sizes of 0.25 cm x 0.25 cm and 0.125 cm x 0.125 cm. This is 

seen by comparing Fig. 3, #1 and #2 and Fig. 5, #2 and #1 for POISSON, and by 

comparing Fig. 3, #3 and #4 and Fig. 4, #4 and #2 for LINDA. 

Figure 6 compares LINDA and POISSON calculations for the two different B

H tabl~s shown in Tables 1 and 2. The Fermilab B-H Table has a higher B/H 

ratio compared to the POISSON B-H Table except at two values of B = 16.5 kG 

and 18.0 kG. As shown in Fig. 6, runs using the Fermilab B-H Table for both 

the codes show higher ~B/Bo than those used with the POISSON B-H Table. Since 

the flux density in the shim is slightly higher than other iron areas, this 

may be another reason why LINDA responds to the shim better than POISSON. 
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As mentioned earlier, only uniform rectangular meshes over the problem 

space are allowed in LINDA. In POISSON, on the other hand, uniform or non

uniform triangular meshes are allowed. Tables 3 and 4 compare the POISSON 

calculations of 0.125 cm x 0.125 cm uniform meshes except near the shim, and 

0.125 cm ~ 0.5 cm non-uniform meshes. The non-uniform meshes near the coil 

region are shown in Fig. 7. From Tables 3 and 4, it is seen that the differ-

ence of the magnetic field at the origin is M/Bo = 0.25 x 10-4 and the rela-

tive variations of the two runs for x < 2.5 cm is less than 10-6 • 

POISSON calculates the higher harmonics of the magnetic field at a nor

malized radius R. Then, the field at any point, z = x + iy, is given by 

B - iB (1) 
x Y 

The above harmonic decomposition in a dipole field can also be expressed 

or 
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where bn and an are normal and skew coefficients of 2(n + 1) - poles. 

(2) 

(3) 

In Table 5(a), the harmonic analysis coefficients, NoAN/R and bn , of Eqs. 

(1) and (3) are shown for the case of 0.125 cm x 0.125 cm uniform meshes (see 

Table 3, Fig. 5, #1). As shown in Fig. 5 #1 ~B/B at x = 1.75 cm is ~ 0.8 x , , 0 
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10-4 • Table 5(b) for the case of 0.125 cm - 0.5 cm non-uniform meshes, and 

Table 5(a) agree quite well for sextupole (N = 3, n = 2) and decapole (N = 5, 

n = 4) coefficients. The coefficients of higher poles start to deviate from 

each other. This seems to be reasonable if one compares Tables 3 and 4. 

In order to compare the field calculations for different mesh distortions 

near the shim, the shim region could be distorted by considering the shim as a 

separate iron region or as a part of the whole iron region. The mesh distor

tions of the two cases near the shim are shown in Fig. 8. The magnetic fields 

of the two cases are shown in Tables 6 and 7. The differences, ~B/B, between 

the two tables are less than 1 x 10-6 • Table 8 shows the coefficients of the 

harmonic analysis of the two runs. They agree up to 22th-pole (N = 11, n = 
10) quite well. 

To compare the above real problem with a perfect case, a perfect dipole 

magnet was calculated using POISSON. The present version of LINDA, however, 

allows only limited geometries as shown in Fig. 9, and does not allow a per

fect dipole field geometry. Figure 10 shows the perfect dipole geometry used 

for POISSON. In Fig. 10(a), the area corresponding to the shim is air, but the 

meshes are distorted similar to the real geometry. The magnetic field calcu

lation with distorted meshes and one with uniform meshes are compared in 

Tables 9 and 10. In both cases, ~B/Bo is - to.2 x 10-4 and the mesh distor

tion did not change the degree of random variations of ~B/Bo. 

The harmonic analysis of the uniform and distorted meshes are compared in 

Table 11. It is seen from the table that when the coefficients N AN/R are on 

the order or less than 10-3 (bn - 10-7), the coefficients do not agree with 

each other. 

The following conclusions could be made from the preceeding discussions 

of a dipole magnet. Similar comparisons may be necessary for a quadrupole 

magnet. 

(1) For a given mesh size in a reasonable range, it appears that LINDA sees 

the shim better than POISSON (Or LINDA over-responds to the shim). A 

LINDA calculation with 0.25 cm x 0.25 cm meshes, for example, is between 
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two POISSON calculations with 0.25 cm x 0.25 cm and 0.125 cm x 0.125 cm 

meshes. 

(2) Even with the same mesh size, calculations of the two codes gives only 
-4 differences of ~B/Bo < 0.2 x 10 for x < 1.75 cm. 

(3) For both LINDA and POISSON, calculations with smaller mesh sizes have 

higher values of ~B/Bo. 

(4) Variations of ~B/Bo due to the change of the shim thickness seem to be 

the same for LINDA and POISSON. This seems to be in conflict with 

conclusion (1). 

(5) In POISSON, calculations with equal weight triangle meshes respond to the 

shim better than those with right triangle meshes. 

(6) In both LINDA and POISSON, calculations with Fermilab B-H table give 

/ -4 slightly higher values of ~B Bo (~ 0.1 x 10 ) than those with the 

POISSON B-H table. 

(7) In POISSON, one can get reasonable results for a reduced number of meshes 

(case of non-uniform distribution of the meshes) and from distorted 

meshes in the shim region. 

(8) The accuracy of the harmonic coefficients in POISSON seems to be limited 

to N·A /R ) 10-3 (b ) 10-7). (The magnitudes of the coefficients depend n n 
on the aperture. Therefore, this accuracy limit is not in an absolute 

sense). 

SK:er 
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Fig. 2. (a) 0.5 em x 0.5 em equal weight triangle meshes and 
(b) flux lines of a POISSON run. The shim is not a 
separate iron region in this run. 
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meshes and LINDA rectangle meshes. The shim thickness is 0.92 
mm and Fermilab B-H Table is used. 
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Fig. 8. Mesh distortion near 0.98 mm-thiek shim. Far away from the shim, 
0.25 em x 0.25 em uniform meshes are used. (a) Shim as a separate 
iron region, (b) Shim as a part of the whole iron region. 
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N 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

B-SQUARED 
O.OOOOOOE+OO 
1.000000E+08 
1. 210000E+08 
1. 440000E+08 
1. 690000E+08 
1. 960000E+08 
2. 250000E+08 
2.402500E+08 
2. 560000E+08 
2. 722500E+08 
2. 890000E+08 
3.062500E+08 
3. 240000E+08 
3. 422500E+08 
3. 610000E+08 
3.802500E+08 
4.000000E+08 
4.202500E+08 
4. 410000E+08 
4. 622500E+08 
4. 840000E+08 
5.062500E+08 
5. 290000E+08 
5. 760000E+08 
6. 250000E+08 
9.000000E+08 
1.600000E+09 
1. 440000E+I0 

B(GAUSS) 
0.00 

10000. 00 
11000.00 
12000. 00 
13000.00 
14000.00 
15000.00 
15500.00 
16000.00 
16500.00 
17000.00 
17500.00 
18000.00 
18500.00 
19000.00 
19500.00 
20000.00 
20500.00 
21000.00 
21500.00 
22000.00 
22500.00 
23000.00 
24000.00 
25000. 00 
30000. 00 
40000.00 

120000.01 

Table 1 - Fermilab B-li .... able 

GAMMA 
0.000100 
0.000138 
0.000141 
0.000150 
0.000169 
0.000221 
0.000413 
0.000774 
0.001375 
0.002242 
0.003235 
0.004457 
0.005833 
0.007135 
0.008526 
0.009846 
0.011200 
0.012537 
0.013905 
0.016744 
0.026136 
0.044444 
0.063913 
O. 102500 
O. 136000 
0.280000 
0.457500 
0.818333 

MU 
10000.00 
7246.38 
7096. 78 
6666.67 
5909.09 
4516. 13 
2419.35 
1291. 67 
727.27 
445.95 
309.09 
224.36 
171.43 
140. 15 
117.28 
101. 56 
89.29 
79.77 
71.92 
59. 72 
38.26 
22. 50 
15.65 
9.76 
7.35 
3. 57 
2. 19 
1. 22 

H(OERSTEAD) 
0.00 
1. 38 
1. 55 
1. 80 
2.20 
3. 10 
6.20 

12.00 
22.00 
37.00 
55.00 
78.00 

105.00 
132.00 
162.00 
192. 00 
224.00 
257.00 
292.00 
360.00 
575.00 

1000.00 
1470.00 
2460.00 
3400. 00 
8400.00 

18300.00 
98200. 01 

D-GAM/D-BSQ 
3.8000E-09 

··'2. 9093E-14 
-7. 5140E-14 
-1. 3356E-13 
·-3. 0889E-13 
-9. 7918E-13 
-1. 6039E-12 
-2. 5009E-12 
-3. 3886E-12 
-3. 6471E-12 
-4. 2281E-12 
-4. 4939E-12 
-4.0181E-12 
-4.0650E-12 
-3. 6563E-12 
-3. 5606E-12 
-3. 3416E-12 
-3. 2558E-12 
-6. 4389E-12 
-2.0319E-11 
-3. 7828E-11 
-3. 8458E-11 
-7. 2947E-11 
-5. 8162E-11 
-2. 3041E-10 
-1. 9723E-I0 
-2. 2554E-10 

RECONSTRUCTION OF THE TABLE FOR MAT. NO. 4 WITH EQUAL INCREMENTS OF B-SQUARED 

MAXIMUM B-SQUARED = 2. 799997E+09, WITH TRUNCATION FOR HIGHER VALUES 

B-SQUARED INCREMENT = 6. 999993E+06 



N 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

B-SQUARED 
O. OOOOOOE+OO 
7. 999996E+07 
1. 440000E+08 
1. 960000E+08 
2. 250000E+08 
2. 4-02500E+08 
2. 560000E+08 
2. 722500E+08 
2. 890000E+08 
3.062500E+08 
3. 240000E+08 
3. 422500E+08 
3. 610000E+08 
3.802500E+08 
4.000000E+08 
4. 202500E+08 
4. 410000E+08 
4. 515583E+08 
4. 622500E+08 
4. 730625E+08 
4. 840000E+08 
5.062500E+08 
5. 196850E+08 
5. 321603E+08 
5. 495743E+08 
5. 757888E+08 
6.202590E+08 
6. 567533E+08 
7. 132104E+08 
8.121417E+08 
1.028722E+09 
1. 270502E+09 
1. 830334E+09 
2. 316901E+09 
3. 254896E+09 
4.119804E+09 
5. 608093E+09 

B(GAUSS) 
O. 00 

8944.27 
12000.00 
14000.00 
15000.00 
15500.00 
16000.00 
16500.00 
17000.00 
17500.00 
18000.00 
18500.00 
19000. 00 
19500.00 
20000.00 
20500.00 
21000.00 
21249.90 
21500.00 
21750.00 
22000.00 
22500.00 
22796. 60 
23068.60 
23443.00 
23995.60 
24905.00 
25627.20 
26706.00 
28498. 10 
32073. 70 
35644. 10 
42782.40 
48134.20 
57051.70 
64185. 70 
74887.20 

Table 2 - POISSON B-H Table 

GAMMA 
O. 000250 
0.000250 
0.000308 
0.000450 
0.000667 
0.000935 
0.001410 
0.002180 
0.003240 
0.004340 
0.005670 
0.007190 
0.009000 
0.011100 
0.013300 
0.016400 
0.020200 
0.022600 
0.025600 
O. 030300 
0.037700 
0.055555 
0.066667 
0.076923 
0.090909 
O. 111111 
O. 142857 
O. 166667 
0.200000 
0.250000 
0.333330 
O. 400000 
O. 500000 
O. 555550 
0.625000 
0.666667 
O. 714285 

MU 
4000.00 
4000.00 
3246. 75 
2222.22 
1499.25 
1069.52 
709.22 
458. 72 
308.64 
230.41 
176.37 
139.08 
111. 11 
90.09 
75. 19 
60.98 
49. 50 
44.25 
39.06 
33.00 
26. 53 
18.00 
15.00 
13.00 
11.00 
9.00 
7.00 
6.00 
5.00 
4.00 
3.00 
2. 50 
2.00 
1. 80 
1.60 
1.50 
1. 40 

H(IJERSTEAD) 
0.00 
2.24 
3. 70 
6.30 

10.01 
14.49 
22. 56 
35. 97 
55.08 
75.95 

102.06 
133.01 
171. 00 
216.45 
266.00 
336.20 
42.4.20 
480.25 
550.40 
659. 03 
829.40 

1249.99 
1519.78 
1774.51 
2131. 18 
2666. 18 
3557.85 
4271. 21 
5341. 20 
7124. 52 

10691. 13 
14257.64 
21391. 20 
26740.95 
35657. 31 
42790.49 
53490.81 

D'-GAM/D-BSQ 
O.OOOOE+OO 

-7. 2511E-13 
-9. 8621E-13 
-1. 1072E-12 
-1. 1912E-12 
-1. 9772E-12 
-3.0080E-12 
-3. 8937E-12 
-3.8065E-12 
-4. 3431E-12 
-4. 6916E-12 
-5. 2888E-12 
-5. 8175E-12 
-5. 7860E-12 
-7. 7504E-12 
-9.0427E-12 
-5. 4424E-12 
-6. 6440E-12 
-1. 0168E-ll 
-1. 5643E-11 
-3. 6892E-11 
-2. 1951E-l1 
-1. 9736E-11 
-2. 6283E-11 
-3. 6761E-11 
-5. 5137E-11 
-3. 8389E-11 
-5.0756£-11 
-7.0108E-11 
-1. 0261E-l0 
-6. 4811E-11 
-7. 8712E-11 
-3.0350£-11 
-2. 9976E-11 
-1. 2802E-11 
-1. 1559E-11 

RECONSTRUCTION OF THE TABLE FOR MAT. NO. 2 WITH EQUAL INCREMENTS OF B-SQUARED 

MAVTMUM B-SQUARED = 2.799997E+09, WITH TRUNr.ATION FOR HIGHER VALUES 

B-SQUARED INCREMENT = 6. 999993E+06 



Table 3 - Magnetic field and vector potential of Fig. 5, #1 
(0.125 cm x 0.125 cm uniform meshes). 

K l A(VECT~R) X(~) yce,.,) aX(GAUSS) BY (GAUSS) 

1 1 O.OOOOOOE+OO 0.00000 0.00000 0.000 6980.826 

2 1 -8.7335HE+02 0.12500 0.00000 0.000 6980.828 

3 1 -1.746707E+03 0.23000 0.00000 0.000 698·6.835 

4 1 -2.6200b3E+03 0.37500 o. 00000 0.000 698b.84& 

5 1 -3.493420E+03 0.50000 0.00000 O.OOIl 698&.801 

6 1 . -4.36b179E+03 0.62500 0.00000 0.000 6986.88& 

1 1 -5.240142E+03 0.15000 0.00000 0.0 00 6980.920 

IS 1 -6.11350~r+03 '.87500 0.00000 0.000 6986.958 

9 1 -6.9868S1E+03 1.00000 0.00000 0.0 O() 6987.000 

10 1 -7.860259E+03 1.12500 0.00000 0.000 6987.048 

11 1 -8.733645E+03 1.25000 0.00000 0.000 6987.103 

12 1 -9.607037E+03 1.37500 0.00000 0.000 6987.169 

13 1 -1.048044E+04 1.50000 0.00000 0.000 6987.237 

H 1 -1.135385E+04 1.62500 0.00000 0.000 6987.)10 

15 1 -1.2227Z6E+04 1.75000 0.00000 0.000 6987.359 

16 1 -1.3100b9E+04 1.al500 0.00000 0.:100 6987.394 

17 1 -1.397411c+04 2.00000 0.00000 0.000 6987.381 

18 1 -1.484753E+04 2.12500 0.00000 0.000 6987.285 

19 1 -1. 57 20~3 E+04 2.25000 0.00000 0.000 6987.059 

20 1 -1.659429E+04 2.37500 0.00000 0.000 698b.628 

21 1 -1.746757E+04 2.50000 0.00000 0.000 6985.890 

22 1 -1.834074E+04 2.02500 0.00000 O.JOO 6964.&b9 

23 1 -1.921371E+04 2.75000 0.00000 0.000 698Z.774 

24 1 -2.008b39E+04 2.87500 0.00000 0.000 6979.86Z 

25 1 -2.0956&2 E+04 3.00000 0.00000 0.000 &975.&31 



Table 4 - Magnetic field and vector potential using non-uniform 
meshes of Fig. 7 (0.125 cm - 0.5 cm meshes). 

C 
I{ L A(VECTOIU x.':':'~r"';; Y{Cfl') oX(C>AUS 51 BY' GAUS SI , 1 1 O.OO\)OOOE+OO 0.00000 0.00000 O.OCO 0986.677 

2 1 -8. 7333~8 E+02 0.12500 0.00000 0.000 6986.b50 , 
3 1 -1.7460701:+03 0.25000 o.ooooa 0.000 6986.606 

• ~ 1 -2.620007E+03 0.37500 0.00000 O.JOO 6906.699 

5 1 -3.493345£+03 0.50000 0.00000 0.000 6986.717 • 6 1 -4.366687 E+G3 0.62500 0.0000:) 0.000 6986.73t1 

• 7 1 -5.240031E+03 0.75000 0.00000 0.000 6986.771 

8 1 -6.113319;+:)3 1).87500 O.OOvOO 0.000 6986.805 , 
9 1 -6.986732E+03 1.00000 0.00000 0.000 6986.e51 

• 10 1 -7.8b0092E+03 1.12500 0.00000 0.000 6986.901 

11 1 -8.733458E+03 1.25000 0.00000 O.OOil 6986.955 • 12 1 -9.60b332f+03 1.37500 0.0:)000 0.000 6987.024 

e 13 1 -1.048021E+04 1.50000 0.00000 0.000 6981.089 
P) 

14 1 -1.135360E+04 1.62500 0.00000 0.000 6987.153 • 15 1 -1.222700e+0~ 1.75000 0.00000 O.JOQ 6987.211 , 16 1 -1.310041E+04 1.87500 0.00000 0.000 6987.239 

17 1 -1.3973alE+04 2.00000 0.00000 0.000 6987.230 
« 

18 1 -1.484721E+04 2.12500 0.00000 0.000 6987.133 

C 19 1 -1.5720H:=+04 2.25000 0.00000 0.000 6986.910 

20 1 -1.bS9393E+04 2.37S00 0.0,))00 0.000 698b.474 , 
21 1 -1. 746720E +04 2.50000 0.00000 0.,)00 69a5. 7 37 , 
22 1 -1.834034':+04 2. b2 500 0.00000 O. \) 00 &984.510 

23 1 -1.921330E+04 2.75':)00 o. 0')0') 0 O.JOO 6982.622 , 
24 1 -2.008S9bE+04 2.87500 0.00000 0",000 0979.729 , 
2S 1 -2.095817E+04 3.00000 0.00000 0.000 &975.4b3 

C. 



Table 5 - Comparison of harmonic analysis. (a): uniform meshes of Table 3 
and (b): non-uniform meshes of Table 4. 

(0) 

(\ 

(\ 

,\ 
{\ 

(' 

(\ 

(\ 

(' 

c' 

(\ 

(' 

TAaLE FOR FIELD CJEFFICIENTS 

~ORM~LIZATIO~ RADIUS = 1. noao 

(SX - I BYI = I * SU" N~(AN + I S~I/R ~ (Z/~)~~(~-l) 

N IHANIJR N(uNII R 

1 -b.Y8b3E+03 O.OOOJi:+OO 

3 -It.b070E-Ol O.OOOOc+OO 

5 -Z.1291E-Ol 0.0000:+00 

7 5.bl7bE-02 O.OOOOE+OO 

9 b.8638E-02 0.0000;:+00 

11 1.ltb1SE-02 O.OOOOE+OO 

13 2.7616E-Ol O.OOOOE+OO 

15 9. 1677E-"03 O.OOOOE+OO 

17 -1.1622E-ol O.OOOOE+OO 

19 -1.5652E-02 0.0000:+00 

TABLE FOR FIELD COEFFICIE~TS 

NO~M~lIZATlaN RA~IU5 a 1.75000 

cax 

1 

3 

5 

7 

9 

11 

13 

15 

17 

I BY) • J • su~ N*(A~ + I 3 

~'ANl/R 

-0.98b7£+03 

-It.607eE-Ol 

-2.1ltZitE-Ol 

5.89~bE-OZ 

7.2lt65E-02 

1.8707E-n 

7.9tt5ltE-03 

;.97~OE-Ol 

-1t.9b92E-03 

N(8NI/R 

O.OOuOE+OO 

O.OOOOE+ 00 

O.OOOOE+OO 

C.OOOOc+OO 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOJE+OO 

0.0000:+00 

0.0000':+00 

A 8S ('" (CS I H. ) 

b.96o;i:+.J3 

It. b070E-:ll 

2.3291E-:n 

5.017&;:-·) 2 

b.8&38E-02 

1.461SE-;)2 

2. 761!tE-Q J 

c).1671E-O) 

3.1&22E-03 

1.565lE-02 

bn a?) ..,0 

b .. ... i.O 
j, _0 

b~ so .2. IS-X 10-'> 

b.,. = 3SSXlO -1. 

h, = -.7,7?X!O-'/ 

bf' =-/,IIX/O-7 

I)(~ ... -J.?S" x/rr1 

biZ If: -*'11 X'/p-ID 

hI'" 0: _>".llx/I)-IO 

h,,, OK .>: ,jllf-X 10-1f 

b
l
, - ,. '11)(1(;-11 

~I/K • 'l/~)*.t~-lJ 

It.b07dE-:ll 

2. lit 24c:-0 1 

5.89bb:-JZ 

7 .2ltbSE-0 2 

1.8707E-;)Z 

7.945ItE-Q3 

5.9790E-03 

It .9692E-O 1 

al\\ =0 



Table 6 - Magnetic field and vector potential from Fig. 8(b) meshes 
(curve Fig. 6, fF4) • 

~ 
;.:. L A(VEGTORl )( (l ... ) V[CJ?I) Bj(~AUSS) BY(~AUSS) 

1 1 O.OOOOOOE+OO 0.00000 0.00000 0.000 6973.496 

t- .... 1 -1. 743374E+03 0.25000 0.00000 0.000 6973.499 Co 

r- 3 1 -3. 486749E+03 O. 50000 0.00000 0.000 6973.502 

4 1 -S.230126E+03 O. 75000 0.00000 0.000 6973.514-

~ 5 1 -6. 973506E+03 1. 00000 0.00000 0.000 6973.525 

r 6 1 -8. 716889E+03 1.25000 0.00000 0.000 6973.531 

7 1 -1.046027E+04 1. 50000 0.00000 0.000 6973. 516 

r 8 1 -1. 220364E+04 1.7S000 0.00000 0.000 6973.415 

CO 
9 1 -1. 394696E+04 2.00000 0.00000 0.000 6973. 115 

10 1 -1.S69016E+04 2.~5000 0.00000 0.000 6972.333 

0 11 1 -1. 743304E+04 2. 50000 0.00000 0.000 6970.496 

CO 
12 1 -1. 917522E+04 2.75000 0.00000 0.000 6966.451 

13 1 -2.091590E+04 3.00000 0.00000 0.000 6958.039 

~ 14 1 -2. 265356E+04 3.25000 0.00000 0.000 6941. 483 

tr 
1~ 1 -2. 438545E+04 3.~OOOO 0.00000 0.000 6910. 734 

16 1 -2. 610700E+04 3.75000 0.00000 0.000 6856.989 

r 17 1 -2. 781108E+04 4.00000 0.00000 0.000 6768.908 

r 18 1 -2. 948757E+04 4.25000 0.00000 0.000 6634.044 

19 1 -3. 112334E+04 4.50000 0.00000 0.000 6441. 598 

~ 
2() 1 -3. 270315E+04 4.75000 0.00000 0.000 6186.043 

r 21 1 -3. 421134E+04 5.00000 0.00000 0.000 5869.862 

22 1 -3. 563394E+04 5.25000 0.00000 0.000 5503.918 

~ 23 1 -3. 696051E+04 5. 50000 0.00000 0.000 5104.698 

r 24 1 -3. 816499E+04 5.75000 0.00000 0.000 4690. 149 

25 1 -3. 930560E+04 6.00000 0.00000 0.000 4276.032 ,. 
... 



Table 7 - Magnetic field and vector potential from Fig. 8(a) meshes. 

"L 
.- ,:.(\Ic:TJ,,) .. (V') 'r eel"') .lAo ,~,:,.~.l ~ J .. H""'"'~~) 

f_ 1 ~ O. UJO:';)J':+·:'·" u.J'JtJ'J"" J. ,J1J~";oJ 0.1. 1 tJv tl·HJ.494 

l 1 -1.1"t3:;Hi: .. J3 
1 

';.~:)t,jJG oJ. vVtJjy U.ojJ,J o~7J.4~b 

3 1 -3."td07't9':"v.) J. ,)l):)lo.ii) u.\J~",...,w J.j(j~ o'»7i.5C.1l 

1. "t i -5.230 ... Z)':' .. J3 ';'.1:;,";:)0 oJ.OJvJ\j O. j 0 • .; b7H3.:Hl 

:; . -b.9735QIt,,+OJ 1.v,;,;u,; J • li.jJ J,) 0.,)00 097J.524 .. • 
b 1 -8.7108071:+,)3 1.L:>lJuO .; ./JUvv.J ::'.Oou &971.53\l 

e: 7 1 -1. 040n 7 E +.Jlt 1.~\)OJCi ;).OO:.i:.i:i a.JI.hl 6973.514 

;;$ 1 -1.~203:J~i: .. ';'t .. 1.·" ')GI~O J.u\)..iIJJ IJ.JOu &973.411 

9 1 -1. 394o'-J;)::+i,)'t ~. UU Ov\i .J • JJuvU O.vJu b9H.113 

~ 10 1 -1.')09,)!')';'+,)4 Z.l'JO()" lJ.vJJ.;;) O.OJO b'f7l.13J 

II ·1 -1.74J3J .. ;;:+-)4 2. j,lJ·)O ').OU.;VV Il. OJ ,hJ bnO.4'H «. 
12 1 -1.~17:>l.ic+v4 2..7:>;;'JJ J. OJ,)':; j C.V,;\) oliob.It'>l. 

• 13 1 -2.0H;B'="J4 3.J-.)(,:;0 J .JOJuJ ".JOO b9:;~.(Uo 

0 
14 1 -2.Zo53;:;S+.l't 3.25I.1u·J ,). ",JJ;iJ iJ.JOu &~"l.4poQ 

i5 1 -2.4Jd545c+j4 3.50000 J.UJOuO C.lOJ o91u.7~3 

• io 1 -l.olJo:H!::+J4 3.7;J~J .;. OO:'J Ii a.JO~ oIi50 .. ~<;i 

• 11 1 -2.13liJ:)c"v4 4.0000;) o .~ilJ.iJ O.JOJ &loli.'HO 

10 1 -2.9407;bE:+04 4.l;G\~J J .CJ·JOV O.JO':; &03,..0"5 

• l~ . -3.112334:+04 4.;00';1; J.OJ')':;u J.Ju·,l 1>441.59, .. 
20 • 1 -3.l7u.H:>.;;+J't 4. h:J:Jil J • vu;)J J a.J();) 6113&.11,.4 

21 1 -3."Z11.HE+u't ).v\)vvv Ii.U\JJ~J ;).i)='~ 58bCi.8bl 

• l, -3.;633i";"+J4 j.~:)~UY J .OJJ.JJ O ... vv 5~ilj.91.4 

~j • 1. - .3. o~ -l) 5 v': • J .. ').!lJUJO J.JUuOJ l).v;)J 51tJ't.tdS 

~'t -J.t;lJ'tb:.+J't 5.7'.)\) ..... U.lJu.)uJ :1.,);)0 4b90.14b ., 2-; 1 -.3.930,S'jc+U4 o.J)OUO J .OJJ')" oJ • .Ji.lJ 't.!7<).Ol4 

, 



J 

Table 8 - Comparison of harmonic analysis. (a): Fig. 8(b) meshes, 
and (b): Fig. 8(a) meshes. 

TABLE FOR FIELD COEFFICIENTS 

NORMALIZATION RADIUS = 1. 75000 

(EX - I BY) = I * SUM N*<AN + I BN)/R * (Z/R)*~(N-l) 

(lX) N N(AN)/R N(BN)/R ABS<T'HCN) IR) 

1 -6.9735E~03 O.OOOOE+OO 6. 9735E+03 

3 -9. 5576E-02 O.OOOOE+OO 9. 557bE-02 

5 -3. 2721E-02 O.OOOOE+OO 3. 2721E-02 

7 1. l1S6E-01 O.OOOOE+OO l.llebE-Ot 

9 B.b293E-02 O.OOOOE+OO 8. 6293E-02 

11 2. 9576E-02 O.OOOOE+OO 2. 9576E-02 

13 8. 5735E-03 O.OOOOE+OO B.573SE-03 

15 3.8048E-03 O.OOOOE+OO 3. B048E-03 

17 6.0369C:-03 O.OOOOE+OO 6.0369E-03 

925 ITA8LE FOR F!ELD COEFFICIENTS 
926 0NORMALIZATION RADIUS = 1.75000 
927 e C8X - I BY) = I * SU~ N*CAN + I BN)/R * CZ/R)**<N-!) 
92:3 0 N >l(AN)/R N( =;i'l), .. '.~: ~as(!,'-l< CN)/R) 
929 e 1 -6.9735E+92 e.CeeeE+00 6.9735E+9? 
930 0 3 -9.6642E-02 0.0036E+00 9.6642E-02 

932 
93~: 

'?34 
9 ·-'C; 
~-. 

'?3t. 
'7-37 

7 
9 

1 1 
13 
1 c; 
.. -' 
17 

-3.424:3E-02 
1 .15\).£E-61 
8. :3119E-02 
2. 84~,0E-'~2 
5. 27t,eE-0:~: 
5 ~ :;'267E-~~:3 

8.6242E-ti :=: 

e.0£0£E+00 
a .~3000=+3.::! 
e.e0~0E+ce 

(1 • 00~H)=+23 

5. :7·=,~E-03 
5.32·:.7::-03 
:3. ,~.:2~·2E-e3 



Table 9 - Magnetic field and vector potential of a perfect dipole field 
with uniform 0.25 cm x 0.25 cm right angle triangle meshes. 

~ 

A (V13~) K L X (011) Y(Cht) B,f.ft~) B1cr~) .. 26 1 5.000000E+04 b.25000 0.00000 0.000 -7999.986 

27 1 5.200000E+04 6.50000 o .OOJOO 0.000 -8000.002 .. 
26 1 5.400000i:+04 6.75000 0.0:)000 0.00\) -7999.996 .. 29 1 5.bOOOOOE+04 7.COOgO 0.0000t) 0.000 -8000.017 

1 2 O.OOOOOOE+OO 0.00000 O.25JOO 0.000 -7999.973 .. 
2 2 1.999992E+03 0.25000 0.25000 0.002 -7999.974 .. 3 2 3.999987E+03 0.50000 0.25000 0.000 -1999.96& 

4 2 5.999,}BOE+03 0.75000 0.25000 -0.004 -7999.972 .. 
5 2 7.999974E+03 1.00000 0.25000 -0.0 10 -7999.979 .. 6 2 9.9999b9E+03 1.25000 0.25'J00 -0.003 -7999.981 

7 2 1.19999bE+04 1.50000 0.25000 0.004 -7999.99& 

• 8 2 1.399997E+04 1.75000 0.25000 -0.00& -8000.004 

QIo 9 2 1.59999BE+04 2.00000 0.25000 -0.010 -8000.003 

10 2 1.799997E+04 2.25000 0.25000 -0.007 -1999.978 

• 11 2 1.999997E+04 2.50000 0.25000 0.004 -8000.005 .. 12 2 2.199998E+04 2.75000 0.25000 O.OCO -8000.018 

13 2 2.399998E+04 3.00000 0.25000 -0.002 -8000.025 

• lit 2 2.599999E+04 3.25000 0.25000 -0.011 -8000.004 

• 15 2 2.799998E+04 3.50000 0.25000 -0.014 -7999.993 

16 2 2.999998E+04 3.75000 0.25000 -0.001 -7999.995 

• 17 2 3.199998E+04 4.00000 0.25000 0.009 -8000.004 

• 18 2 3.399998E+04 4.25000 0.25000 0.003 -8000.019 

19 2 3.&00000E+04 4.50000 0.25000 0.020 -8000.019 - 20 2 3.800001E+04 4.75000 0.25000 0.016 -8000.032 

21 2 4.000002E+04 5.00000 0.25000 O.:l Ob -8000.019 

22 2 4.200001E+04 5.25000 0.25000 0.OC5 -8000.011 .. 
23 2 4.400002E+04 5.50000 0.25000 -O.OOb -8000.004 

... 24 2 4.&00002:+04 5.75000 0.25000 0.011 -8000.000 

25 2 4.800002E+04 &.01l000 0.25000 O.1l04 -7999.998 
flo 

2& 2 5.00000 OE+04 &.25000 0.25000 -O.OOb -8000.002 

• 



Table 10- Magnetic field and vector potential of a perfect dipole field 
with distorted meshes of Fig. lO(a) • 

.. j( L AC tl6CTOP) XC C/tJ) YCt!')) i!:r( qw,.{J.} BJtC'~.J 
2.6 1 5.0000JIE+04 b.l5000 0.00000 O.JOO -7'199.982 .. 
27 1 5.20000l!: +O't 6.50000 0.00000 O.·)OJ -799~.q8" 

• 2.8 1 5.400000;:+0't ::..75000 O. JJJOO O.J 00 -1'N9.960 

2.9 1 5.6000aOE+04 7.00000 u.OOJO;) C. JOO -tiOJU.Qll 

• 
1 l. O.OOOOOOE+JO 0.00000 0.25000 (j •. ) co -bulla .023 .. l 2 2.0000:>7E+03 0.25000 0.25001 -0.;J03 -8000.019 

3 2. 't.000015E+03 0.50000 0.25003 -O.JOd -8000.031 .. 
4 2 6.000024E+03 0.75000 0.25000 -0.,) 13 -8000.025 

• 5 Z 8.000022E+03 1.00000 0.25011 -O.JO~ -8000.014 

b 2 1.000003E+0't 1.25000 0.25J1Z 0.004 -8000.020 
'-

7 Z 1.200004E+04 1.50000 0.25020 0.003 -8000.030 

• a 2 1.'t00004E+04 1.75000 o .250lb -0.J02 -8000.023 

9 2 1.600005E+04 2.. ()OOOO 0.250)4 -O.JH -8000.012 
'-

10 2 1.8oooo4E+Olt 2.Z5000 "'.250't't -0.;>2.1 -7999.999 

'- 11 2 2.00000'tE+Olt 2.50000 0.25055 -0. J 21 -799,}.981t 

12 2 2.200004E+04 2.75000 0.2.5071 -C.Q 21 -1999.976 • 13 2 2.400003E+04 3.00000 o .250a9 -0.018 -7999.975 - 14 2 2.600002E+04 3.25000 0.25111 -0.014 -7999.9137 

15 2 2.8QOO02E+04 3.50000 0.25137 -0.009 -7999.988 

'-
16 2 3.000003E+04 3.75000 0.25108 -0.012 -aOOO.OOl 

• 17 2 3.200003E+04 4.00000 0.25202 -0.013 -8000.008 

18 Z 3.40J004E+04 4.25000 0.25238 -0.019 -sooo.ooo 
• 19 Z 3.bOOOO3E+0't 4.50000 0.25276 -0.019 -7999.990 

• .10 2. 3.800004E+04 4.75000 0.25311 -C.JO~ -clOOO.002 

21 2 4.000003£+04 5.00000 0.25339 -O.J 17 -61)01).000 

• 
Z2 2 1t.200002E+04 5.25000 ::> .2B5d -O.J04 -1~99.992 

• 13 2 4.400002E+04 5.50000 0.253::'1 -C.·J 15 -7~99.996 

24 2 4.bOOOO3E+04 5.75000 ".253"0 -O.JO'i -79<:)9.990 .. 
25 Z 4.800002£+04 6.00000 0.2.5311 -O.O;)a -7999.981 

• Zb Z 5.00000ZE+04 6.25000 0.25255 -0.:) 12 -7999.980, 

• 



(a) 

( h) 

Table 11 - Comparison of a perfect dipole field harmonic analysis, 
(a): uniform meshes of Table 9, and 
(b): distorted meshes of Table 10. 

TABLE FOR FIELD COEFFICIENTS 

NORMALIZATION RADIUS = 2.00000 

lBX - I SYJ = I * SUM N*(AN + I BNJ/R * lZ/RJ**IN-l) 

N 

1 

3 

5 

7 

9 

11 

13 

15 

17 

N(ANJ/R 

8.0000E+03 

2.7857E-03 

-4.8000E-03 

-3.0720E-0't 

1.8537E-03 

-6.5911E-05 

-1.4956E-04 

-3.3133E-04 

3.4713E-04 

TABLE FOR FIELD COEFFICIE~TS 

Nl BNJlR 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

O.OOOOE+OO 

NCkMALIZA TION RADIUS:~ 2.00000 

(SX - I BY J • I • SUM N* CAN + I 

N N(ANJ/R NCBNJ/R 

1 d.0000E+03 O.OOOOE+OO 

ABS(N(CNJ/RJ 

8.0000E+03 

2. 7857E-0 3 

It.SOOOE-OJ 

3.0720E-0" 

1.8537E-03 

6.5911E-05 

1.495&E-04 

3.3133E-04 

3.1t 7l3E-0 It 

b", 

bo =1.0 
;. =0 cf 
b~=-'J.i'~/O 

~9-=- j.?rx/() _If) 

b, = ? 2.X 10-1
0 

PI' - -,. oX/D -If) 

L #>'().J Y/O-/I 
~/fJ -= 4, 

~:L = 'I:;-,X 10 -II 

0-11 
b/~ ~~.J"JXI 

"iJ'6 'C -J./2X/O-J
l-

8NJ/R • CZ/R' •• lN-IJ 

ABSCNlCNJIlU h'1J 
8.000QE+03 }')or 

tt·II =O 

,;1 .. -::0 

3 1.178&:-03 O.OOOOE+OO 1.179&E-03 ~ 
5 9.1429E-04 O.OOOOe+OO 9.14Z9E-04 

7 l.867ZE-Q3 0.0000<:+00 2.db 72E-03 

9 '.055&e-04 O.OOOOE+OO 5.055bE-0 .. 

11 -l.b3b4E-04 0.00001::+00 2.&3b4c-~4 

13 1.9941E-04 O.OOOOE+OO J..9941e-04 

15 -2.2038E-04 O.OOOOE+OO 2.2038E-O'e 

17 1.3351E-04 0.00002+00 1.3351E-O't 


